The incidence and nature of electrocardiographic changes occurring in subarachnoid haemorrhage was determined by a prospective study of neurosurgical patients. Electrocardiography was performed daily. The patients were grouped according to whether the electrocardiogram was always normal, always abnormal, or changing. A high incidence of electrocardiographic changes occurred not only in patients with subarachnoid haemorrhage (62 per cent) but also in those with space-occupying lesions (68 per cent). The prognosis in patients with changing electrocardiographic abnormalities was worse than in those in whom the electrocardiogram was consistently normal or consistently abnormal. The cause of these electrocardiographic changes was not elucidated but they were noted to occur more frequently in association with deteriorating levels of consciousness, pyrexia, and diastolic hypertension.
There have been many reports in the literature of patients with confirmed subarachnoid haemorrhage or other intracranial lesions, who also have electrocardiographic patterns simulating organic heart disease (Burch, Myers and Abildskov, 1954; Wasserman et al., 1956; Shuster, 1960; Fentz and Gormsen, 1962; Hugenholtz, 1962; Harrison and Gibb, 1964; Hersch, 1964; Koskelo, Punsar and Sipila, 1964) . Many of these patients have required urgent operation, but have been treated conservatively because of their associated electrocardiographic changes; some have died later, and postmortem examination has shown an apparently normal heart (Cropp and Manning, 1960; Srivastava and Robson, 1964 ).
An assessment of the risk of anaesthesia and operation in such patients would require an accurate appreciation of the significance of these electrocardiographic changes. An unpublished survey of all patients who had operations for subarachnoid haemorrhage in the Cardiff Royal Infirmary in a period of just over a year indicated that the incidence of abnormal patterns was higher than might be expected and that the risk of anaesthesia and surgery was greater in those patients who had an abnormal electrocardiogram preoperatively. In 34 patients with subarachnoid haemorrhage who had a preoperative electrocardiogram, 14 (41%) showed an abnormal pattern.
This survey, however, had many of the shortcomings of retrospective surveys and it was therefore decided to carry out a prospective study to determine the incidence and nature of these changes and their relationship to the ultimate prognosis of the patients. An attempt was also made to identify any causative factor or factors which could be correlated with the electrocardiographic abnormalities.
METHOD
Two groups of patients admitted to the neurosurgical ward at the Cardiff Royal Infirmary were studied. The first group consisted of all patients with a diagnosis of subarachnoid haemorrhage, confirmed by the presence of blood in the cerebrospinal fluid. The second (control) group consisted of all patients admitted with a diagnosis of supratentorial intracranial space-occupying lesion, confirmed either by angiogram or biopsy. A 12-lead electrocardiogram was recorded on admission and once daily thereafter until the patient left the ward; the recordings were made, as far as possible, at the same time each day. The electrocardiograms were interpreted by one of the authors (G.S.K.) without identification of patient or diagnosis. The arterial pressure, temperature, and level of consciousness at the time of the electrocardiogram were recorded daily.
On admission, venous blood was taken for measurement of serum electrolytes, urea and blood glucose. These measurements were repeated at least weekly thereafter. Capillary blood was also taken in a number of patients for acid base studies.
RESULTS
Over a period of 14 months, 37 patients were admitted with subarachnoid haemorrhage and 23 patients with a supratentorial intracranial spaceoccupying lesion. A total of 669 electrocardiograms were recorded (table I). The patients were divided into (1) those in whom the electrocardiogram was always normal, (2) those in whom it was always abnormal, and (3) those in whom some tracings were normal and others abnormal (table II). The commonest electrocardiographic abnormality found was T-wave inversion, followed by a change in rate, depression of the S-T segment and appearance of U waves (table III) .
Seven of the 37 patients with subarachnoid haemorrhage and 4 of the 23 patients with intracranial space-occupying lesions died whilst in the ward (table IV). Nine of the 11 patients who died had electrocardiographic abnormalities of the changing variety; 6 of these patients were in the subarachnoid haemorrhage group. Further examination of these abnormalities showed that only in 1 case was the abnormal electrocardiogram found only in the 24 hours preceding death; the other 8 patients all had more than one abnormal electrocardiogram not related to the day of death.
The average number of electrocardiograms taken from patients who died was 8.4 compared to 9.8 from those who survived.
Electrocardiographic abnormalities were recorded in 10 of the 11 patients who died, 9 being of the changing variety and 1 being consistently abnormal. Permission was obtained for autopsy on 7 of these 10 patients (table V). As indicated in the table, the changes were minimal and non-specific.
Those patients who had a changing or abnormal electrocardiogram and were operated upon had a lower mortality than those not operated upon, but these were, of course, selected for operation because of their better prognosis (table VI). The use of induced hypotension and hypothermia during craniotomy was not associated with a higher death rate postoperatively in patients with abnormal or changing electrocardiograms.
An attempt was made to elucidate the cause of the abnormal electrocardiograms. On the days when electrocardiographic abnormalities were recorded, these were investigated to determine whether abnormalities had occurred in any other parameters under investigation. The findings are listed in tables VII-X, and in these tables patients who had an abnormal electrocardiogram at any time are regarded as abnormal. Certain positive correlations with abnormal electrocardiograms were found.
(1) Elevated blood pressure. Diastolic blood pressure measurements of over 90 mm Hg occurred more frequently in the subarachnoid haemorrhage group than in the space-occupying lesion group and especially in patients with abnormal electrocardiograms in the subarachnoid haemorrhage group (table  VII) . There was, however, no correlation between the actual days on which the abnormal electrocardiogram was recorded and the day on which the hypertension occurred.
(2) Pyrexia. There was a greater incidence of pyrexia in the subarachnoid haemorrhage group as compared to the space-occupying lesion group. In addition, in the subarachnoid haemorrhage group there was a greater incidence of abnormal electrocardiograms on the days when temperature was raised (table VIII) .
(3) Levels of consciousness. Levels of consciousness were divided into three categories: conscious, semiconscious and unconscious. Deteriorating levels of consciousness in both groups of patients were associated with an increasing incidence of abnormal electrocardiograms (table IX) .
Finally, there was an increased tendency for abnormal electrocardiograms to occur in the spaceoccupying lesion group when the blood urea was raised and in the subarachnoid haemorrhage group when the blood gases were abnormal (table X).
DISCUSSION
Reports of electrocardiographic changes occurring in intracranial lesions in isolated patients have appeared in the literature over a number of years and from a number of countries. These changes are of particular relevance to clinicians who are faced with the prospect of major anaesthetic and surgical procedures in these patients. They may require induced hypotension, hypothermia and massive blood transfusion during the operation, and the integrity of the cardiovascular system is of vital importance in these situations. 
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Operation performed The incidence of electrocardiographic abnormalities in the subarachnoid haemorrhage group of patients was 62% and in the cerebral tumour group 68%. The group of patients with intracranial spaceoccupying lesions was chosen as the control group at the start of the study, but it became clear from reports published during the period of investigation that electrocardiographic abnormalities are also common in this disease. In order to effect a comparison with a control group of general surgical patients without neurological disease, reference has been made to earlier work from our colleagues in this department, in which pre-and postoperative electrocardiograms of patients submitted to the general surgical wards were studied (Rosen et al., 1966) .
Their findings were that 20% of the surgical patients had abnormal electrocardiograms; our study shows an overall incidence of 64%. This comparison is open to the criticism that in the present study more electrocardiograms were obtained on each patient and it is therefore more likely that transient changes were noted. Our prospective study does, however, confirm that the incidence of electrocardiographic changes in subarachnoid haemorrhage are as high as reported in previous retrospective studies. Fentz and Gormsen (1962) reported an incidence of 71% and Shuster (1960) an incidence of 50%. The present results also show that the incidence of changes in patients with intracranial space-occupying lesions is high.
The results indicate that the prognosis for patients with changing electrocardiograms, whether their neurological deficit is a consequence of subarachnoid haemorrhage or space-occupying intracranial lesion, is worse than that for patients whose electrocardiograms appear consistently normal or consistently abnormal. It might in any case be expected that the prognosis would be more favourable when the electrocardiographic appearances are normal. It is also possible that a consistently abnormal electrocardiographic tracing merely reflects some preexisting organic lesion of the heart, whereas a changing electrocardiogram reflects changes associated with injury to the central nervous system. An association was demonstrated between abnormal electrocardiograms and the following: raised diastolic pressure, pyrexia and deteriorating levels of consciousness, raised blood urea in the spaceoccupying lesion group, and abnormal blood gases in the subarachnoid haemorrhage group. 
ETUDE PROSPECTIVE DES MODIFICATIONS DE L'ELECTROCARDIOGRAMME ENGENDREES PAR UNE HEMORRAGIE SOUS-ARACHNOIDIENNE
SOMMAIRE
RESUMEN
La frecuencia y naturaleza de cambios electrocardiograficos que ocurren en la hemorragia subaracnoidea fueron determinadas por un estudio prospectivo de pacientes neuroquinirgicos. La electrocardiografia fue efectuada diariamente. Los pacientes fueron agrupados segun fuera el electrocardiograma siempre normal, siempre anormal o variable. Hubo una elevada frecuencia de cambios electrocardiograficos no solamente en pacientes con hemorragia subaracnoidea (62 por ciento), sino tambien en los casos con lesiones ocupadoras de espacio (68 por ciento). El pronostico en pacientes con anormalidades electrocardiograficas variables fue peor que en los casos donde el electrocardiograma era constantemente normal o constantemente anormal. No fue elucidada la causa de estos cambies electrocardiograficos, pero se observo que ocurrian con mayor frecuencia en asociacion con empeoramiento de la conciencia, pirexia e hipertension diastdlica.
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